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The advent and adoption of next generation sequencing (NGS) is enabling analysis of single nucleotide polymorphisms (SNPs) at an unprecedented scale, limited primarily by multiplexing during
the PCR amplification based enrichment step used for forensic applications. Since only a single nucleotide is assayed, PCR primers may be designed to generate small amplicons, making SNP
markers well-suited to forensic DNA typing. Carefully selected panels of SNP markers have been previously established for forensic applications such as one-to-one matching, estimating
biogeographical ancestry, and predicting externally observable phenotype [1,2,3,4,5,6]. To support the implementation of SNPs in forensic DNA analysis, NIST will examine the HID-lon AmpliSeq
ldentity Panel and the HID-lon AmpliSeq Ancestry Panel for the lon Torrent Personal Genome Machine (PGM) and the lllumina ForenSeq DNA Signature kit for the lllumina MiSeq FGx. In total,
over 300 SNP markers will be typed with approximately 40 % of loci being represented in more than one multiplex. A strategy combining NGS on orthogonal platforms and Sanger sequencing for
characterizing the SNP markers for varying levels of confidence is presented herein. The outcome will be to report only the SNP allele calls, analogous to the mitochondrial sequence variants In
NIST Standard Reference Material (SRM) 2392, and not the subsequent application of the information (e.g. prediction of ancestry or phenotype). Additionally, we demonstrate the optimization of
automated sequencing template preparation using the lon Chef from lon Torrent to create an efficient workflow suitable to the forensic DNA laboratory.

Specific Aim: To devise an efficient methodology for characterization of SNP genotype values in a reference material. Using NGS as a primary measurement method,
concordance between NGS platforms may be used to obtain high confidence SNP genotype values without exhaustive Sanger sequencing. SNP genotypes discordant across
platforms may be disambiguated with Sanger sequencing. Evaluation of Mendelian inheritance patterns in family trios may be used as an additional confirmatory strategy.

Table 1. Genotypes of nine candidate reference materials characterized for the
HID-lon AmpliSeq Identity Panel (a) and the HID-lon AmpliSeq Ancestry Panel
(b) using the lon Torrent PGM sequencer.
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Table 4: Mendelian inheritance patterns in Family trio samples for the HID-lon AmpliSeq Identity Panel SNPs (a) and HID-lon AmpliSeq Ancestry Panel SNPs (b).

systematic sequencing error type wherein one strand yields low quality results and is bioinformatically filtered from the final data. Using an
arbitrary cutoff of +/- 15 % from the expected ideal ration of 50 % to demark low confidence genotypes, there were five loci in the ldentity
Panel and nine loci in the Ancestry Panel which yielded at least one data point outside the arbitrary limits of < 35 % and > 65 %. These
SNP markers are summarized in Table 2. Data points falling outside these arbitrary thresholds may be considered low confidence and will
require confirmation with a secondary method.

Discordant replicates: two loci in the Ancestry Panel had discordant genotypes between triplicate data points (see yellow shaded cells in
Tables 1 & 3). For marker rs3943253 one replicate had a no-call (NN) while the two remaining replicates were homozygous (AA). This
marker has an allelic ratio of 93.2 % for the two successfully genotyped replicates and 90.3 for the no-call, however, no quality flag was
Issued to explain the no-call. All replicates of rs3943253 had some proportion of reads supporting a “G” genotype, which is the alternate
allele; the adjacent bases are 5' T and 3’ C. The G impurity appears in both forward and reverse reads. No clear explanation is available
for this mis-genotype. It may be a case of context-specific sequencing error. A second locus, rs7251928, had one replicate with genotype
“CC” and two with “AC”. Preliminary data from an alternate platform suggests that the correct call for this locus is “CC”. Given that all
heterozygotes displayed notable strand bias and allelic imbalance at this locus, resulting genotypes should be considered “very low
confidence” until confirmed with an alternate method.

Mendelian inheritance patterns: family trio samples may be used to verify proper genotyping performance. Maternal and Paternal allele
Inheritance patterns are depicted in Table 4 below. Nonconformities in expected inheritance patterns may indicate a technical issue with
genotyping a locus. This approach may also be used to identify loci which contain putative SNPs underlying primer binding regions. No
Inconsistencies in inheritance patterns were identified among family trio samples in the candidate reference materials when evaluated with
the ldentity Panel or Ancestry Panel. Due to the criteria used in selecting the loci for the Identity Panel (high heterozygosity, low F) and
the Ancestry Panel (low heterozygosity, high F,), there are differences in the percentages of autosomal alleles which may be definitively
determined to have originated from one parent versus the other. In the Identity Panel, 38.9 % of loci were informative versus 20.6 % for
the Ancestry Panel.

markers
achieving any status. Confirmation of SNP genotypes with
a second NGS method would satisfy the proposed
requirements for a “reference value” in a NIST SRM. Final
confirmation with Sanger-type sequencing is required to
achieve a “certified” value under the proposed framework.

require

additional

Future Directions:
There are 139 loci which are present in both the HID-lon
AmpliSeq Panels and the Illumina ForenSeq Signature
Prep kit. Concordance between the two platforms would
gualify those loci as “reference values” for a NIST SRM.
Discordant loci will require disambiguation using an
alternate method such as Sanger sequencing in order to
achieve any status for a NIST SRM. NIST intends to
characterize the SNP loci in the Illumina ForenSeq
Signature kit. NIST will consider the needs of the forensic
community in terms of required levels of confidence in
genotypes when prioritizing tasks leading to the potential
development of a reference material for SNP genotyping.

characterization

before
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